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FINAL  REPORT 


1  INTRODUCTION:  DesptB  lt>e  htgh  pfevslsnce  aiyj  poc(  pfognoM  oflung  cancer.  lirOa  ta  krawn  ebcut  the 
machanisma  cA  prc^taaeun.  There  era  hvo  major  meteataeis  peradi^ne  In  the  deaetcel  model,  turrxire  acqure 
fiutatcr*  thel  pnynolB  invasive  behavior  end  dbaemrtatkm  Jete  In  tuiVB  evoluton,  nhereai  irttheallematKre 
medal,  metaelesia  is  an  inherent  feecure  ol  tumors  very  early  m  rts  natural  history  A  challenge  m  studyirg 
turner  can  diseeminaOcn  hea  been  Itie  dentificelion  ot  merttere  that  cen  dBlinguish  cancer  cats  from  calls  Itiel 
ixirmely  reside  n  Ihe  bkodsseem  or  el  Mae  of  seeding  As  a  resiiL  there  remans  urasarteinty  regarding  the 
mechanisms  of  metastasis  ea  vbII  asthe  tmrg  of  disseminaOon.  Epitheliahmeaenchymel  Oansinon  (EMT),  a 
precess  by  which  calls  lose  epithelial  characteraoca  and  develop  mesenchymel  prepenas.  has  bean 
inpli^ted  as  a  moans  by  which  tumor  epilheial  cells  acquire  the  abikry  D  invade  and  disaemmate  Uosi 
studies  ol  ESfT  in  the  conlect  ol  cancer  brokgy.  howevrer.  havre  been  b^ed  on  ctiUed  cells  manipiiated  in 
MilTD,  and  thus  the  relaverasa  ol  U  n  vfro  ceronogenesls  is  cantrovereel  If  ESfT  is  an  early  prccass,  then 
detect)cn  methods  that  rely  on  cellular  expression  of  epithelial  martcers  alone  ere  unlAsly  to  provde  e  complete 
picture  of  melestasas  To  layterslend  Ihe  early  evrents  that  accompany  mrasive  behavior  m  vivo,  sue  prcpcsed 
i>  devrefcip  a  novel,  precise,  and  sensitive  Ineege-lebeling  system  to  detect  end  isolate  celbof  king  eprtheliel 
or>gn  dunng  tumor  progreseion  in  e  rruuse  rryMel  of  lung  cancer  The  system  wM  stow  us  to  determine  the 
timing  of  dissemination  dunng  the  natael  evolution  of  king  adenocetoyime  in  vivo  and  correlate  cell 
phenotype  with  the  acquisition  of  iwasrve  arxj  tmoMmOaeng  picperties 

2  KEYWORDS:  Epilhekal  mesenchymal  transition,  kng  cancer,  metaslesee,  mouse  mcdela  of  lung  cancer, 
Iineage4ebefeng,  Kree,  Lkbl.  Nkx2-1cieER2’'fnce 

i  ACCOIVLSIftlENTS: 

•  Whet  were  the  me|or  goals  of  the  protect? 


The  3  me|or  goals  <ta8f(s1*S)  were  ae  follows' 


Task  I.  Generate  Ktee  i.kb1  ^/VFP^/NKx2-1  creER2’*  mce  Oimefreme  months  MO  by  Drs  Keihuie,  Ceo. 
Ramrez) 

1  We  »iU  folow  a  specific  breeding  ptwi  b  obt»  Kies  ^^’^fLkbl  “'/YFP*‘rhKx2-1crs£R2''  mce.  We 
currently  have  in  cxe  facility  Ktee'^'’^ilkb1“^.  VFP^.  end  NKx2-1crs€R2’'  hnse  (bmeftame:  montr« 
l4byKathieieh2ao). 

2  Kras  /LKb1'-”/VFP»  /Nkx2-1aeERr‘  mce  will  be  finely  bred  is  generate  Kras 
lkblvv/YP^/VNKx2-1cr8£R2*'  mce  (l■nefieme.  menths  6-10  by  KeihunerRemrez) 

3  Ciseange  wfl  be  set  up  el  the  LASC  enxnal  fecility  end  tais  will  be  gsretyped  by  PGR  (limefreme 
monihe  MO) 

Task  i.  Isolele  lungs  for  histology  end  immunofluorescence  ertelyses  (SA1a-b)  end  bleed  for  flow  cyicnteiry 
analyse  {SA2a-b)  (bmeftame  monthe  S-10  by  Ote  Kathune,  Cao,  Ramirez,  end  KoQon) 

1  Frsi  we  will  induce  turners  by  tMitccofsn  njecbon  of  Ktee  «’’^i.kb1  ^WTP^/Nlc(2-1  creER2’*  mce  er«d 
creER2  negative  conirsis  (bmeftame.  menths  6-10  by  Dr  Ramaaz/Cao). 

2.  We  wil  cOlsct  lung  tissues  el  three  tine  pcinis  {2. 4  end  S  WBsAs)forpetholcgy.  H&E  end 
Him lavotViorescerce  arB lyses  (Wnefreme  rrcnlhe  6-9  by  Or  Kathm^Ramirez) 

3  6lood  wil  be  coHected  by  heart  pinctiie  fer  ttowcyUmelry  analysis  of  VFP*  circulating  tunsr  cels 
<1)mefrefne  rrcnlhe  6-10  by  Die  Kathuna/KotlonX 

Task  3.  In  e  second  rsend  of  breeding  we  wiM  isolate  kivgs  and  bleed  (et  Ihe  seme  ome  points  descfibed 
above)  after  tamoxifen  ntecOon  for  flow  cyUmetry  anelysee  of  eingla*cell  suspBneicreforqRT-FCR  anelyeis 
and  in  vitro  assays  <SA1c,  2bXlimefreme  monihe  9^^2  by  Ors  Kathune,  Cao,  Remrez.  Kotton). 
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1  YFP’  E-cadhsTr  *,  VFP*  E-cMnenn-  end  YFP  c«fcwill  colletied  for  RT^A  punncetkin  end  i^T- 
PCR  enelyeoe  end  for  n  vilto  enalysie  of  eelFrenewel,  clonelily  aiyj  survival  ptoperliee  (iimelreme 
mcrithe  d-12  by  Dre.  Reimez/Ceo) 

2  Blood  wil  elso  bo  coHecied  ee  ebovo  tor  flow  cytometry  ertalyeis  otYFP*  circulating  tumor  cells 
(vnefrefne  mcrths  d-12  by  Dre.  Kathuna1(otlon) 

•  Wtvat  wee  accompUslied  undsf  these  goele? 

1  He|orAclivRlee  that  were  eccompliehed: 

Teak  I.  Generate  Kte6^'^-/Lkb1“/VFP''  /NKx2-1creER2’‘fnce  Oimefreme  monttieMO  by  Drs  KelRuie,  Ceo. 
Rarmaz) 

Wouee  model  devalopmenl.  We  ha%re  euccaesfully  completed  leek  t  aryj  heve  developed  a  novel,  pradse, 
and  eenailive  li>aega*lebaling  eystem  to  detect  end  isoleta  cells  of  lung  epitnehel  ongm  dunng  tunor 
progresstcr  n  meteslelic  ard  nort-matastelic  mcuse  mcdels  of  kj>g  cancer. 

Krea  is  mutated  wrth  nigh  fraguancy  in  hienan  lung  adenccerayKnee.  Lkbl  is  e  tumor  si^pressor  geoe  thet  e 
nutated  n  30%  of  lung  cencers.  We  used  a  mouse  mcdel  of  lung  cancer  wrth  metesleeie  diven  by 
conditionally  acliveted  Kras  end  concvereni  tienorsivpressor  Utbl  Ices  ( Kras^'^'^/Lkbl^micel  Krae^'^^ 
/Utbl*^  new  develop  tunora  within  d  weeks  of  miraffacftael  edero-Cre  activation  end  da  etthin  S  to  10 
weeks,  with  locel  end  drstartmetestases  Although  Kras^'^^4Ji>1^mice  develop  both  adenocarcinomas  end 
sguermus  can  ceroyimes,  ell  n)etaslelic  loci  appear  to  ba  adenccaidnome  m  ong^i. 

A  similarly  danved  model  that  does  not  matastesize  ecthrated  by  Kras  elona  [Kias^'^^  “  |  was  eleo  used  for 
ourstudiee  Krae^'^^“  mice,  which  develop  only  pnmary  lung  tanois,  develop  a  nedura  of  edanomes  end 
adsrsocarDnomes  16  weeks  after  intratrachael  edeno-Creacdvetion  oloncogemc  Ktes  ei'd  die  within  21  to  26 
weeks 


Methodol 


We  bred  these  mouse  models  es  described  below  <Fig 
1.2)  First,  we  intsrcrosaed  the  model  of  lung  cancer 
with  metestasisdnvBn  byconditcnelly  acOvetsd  Kras 
arxj  concurrent  tumor  suppressor  Lkb1  loss  [Kras^'*^ 
/Lkbh^  nvM)  to  the  Mkx2-1-CrsER  knock-n  mouse 
slrsrt.  conteining  a  tenvoKifert-induAle  lineage  specific 
Cra  racombinase.  in  e  Rosa-VFP  (lox-stop4cix-VPP) 
background  [Nkx2-1  •  CrsER*'  ER/Rosa  VPP  mica) 
This  modsi  has  generated  adult  lung-spacrfic  mulalans 
n  Kras  and  Lkbl.  mutations  commonly  found  in  human 
lung  edenocercmomes.  while  acbvebng  lineage  tracing 
Second,  we  heve  gsnersled  e  model  of  lung  cervmr 
without  metastasis  dnven  by  condiOonel  ecirvated  Kras 
only  IKras’^’’^”  |.  in  the  above  liFig  epilhetel, 
temc^ert-indiicible  Imeagetrecng  background  [Nk>2> 
l-CreER*'  ERrRceaYFP^]  These  models  wkl  Aiw 
spedfic  lebeing  end  tracking  of  lung  epithelial  cells 
dunng  turner  pcogressicn  and  metastsis. 
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Becausa  Ihe  Nkx2>1  (TTFI)  pfomctw  m  ecliva  ai  brorKfulsrsnd  ati/edar  type  II  cefc.  IheM  e^ged  celK  m4I 
be  Vte  precureofB  or^etumore  by  ihie  mettxM  Pnw  to  uwig  Iheee  enmale  m  cxr  studies,  we  wil  ensiee  that 
b>se9s  labeled  mice  <Siplay  simli^htslolcf  y  as  r>or-labelBd  mice  end  iTiai  tnetenchyntfl  cefle  are  nol  labeled 
under  control  conObons  [NKx2-1  •  CmER"  ER/Roaa  VFP  ^  enenaK)  We  wM  also  dstermine  the  mDuence  of 
haplOHnsufRciancy  on  our  two  models  It  bes  prevtously  been  sboam  lhal  hapto-r^ufficBncy  ol 
n  a  muterM  Kras  beckground  causes  non*nwtaslat)c  muavus  adenocerDnomas.  We  ttierefore  eipect  Ibel 
ence  me  “  /Lkbl^Vnodel  is  in  a  Nl9i2>l  hapto-insuffioent  badi^und,  we  may  cbsefve  fewer 

sgitamoua  cafanomes  and  more  mucmous  adervicarcinomBS  Since  al  metastatic fco  n  the  Kras^'^^^ 
flJcb1''*moctel  appealed  to  te  ederxicarcincntas,  wa  may  aeea  moie  sgQiesBve  patlarr  of  melastasis  m  our 
model 


2  Signineanl  Results 


Taak  2.  Isolale  lun^for  tiietology  and  immunothrorescance  enalyeee  (SAIa-b)  and  bkcd  kxftow  cyiometry 
jnelysa  (&A2e-b)  (ameframe  montbs  6-10  by  On  Katbude,  Cao,  Ramrez.  end  Kotlon) 

We  have  analyzed  tumors  from  Ktae 
/tkb1**/VFP^  rNkx2-1aeER2''  mice  end  from  Km 
c.i:D/YFP^/NkK2-1aeER2*' mica  Mouse  medals 
show  Ibel  KresG12D  nte  (control)  devalcfi  tsdated 
tksnets  one  week  after  the  and  of  temoxtfen.  while 
KnaGl20fLll)lW>  mce  developed  very  egoraasive 
tiaitor  patterns  iBxjar  t be  same  treatment  No 
changes  in  phenotype  were  obsemd  in 
creER2  mce  njacted  with  Camnifen,  used  as 
negalNa  coninM  (Fi^iae  3) 


3  Goele  r>oi  mal 


Task  3.  In  e  Mccfxj  nxsxj  of  braadtng  we  w)M  isolate  kFigs  and  bleed  (at  lha  seme  ante  potnlB  deacfibed 
above)  after  tamoxifen  evecOcn  fc(  flowcyUmelry  anelyaee  of  eingle*cell  euepensicreforqRT>PCR  arelyste 
and  in  vitro  aaseys  <SA1c,  2bXlimeframe  montns  9^^2  Oy  Die  KaViune,  Cac,  Remrez.  Kolton). 

Througii  Ihe  concept  Qrant.  we  ataccaeOed  m  preduemg  an  irduciUe  mouse  medal  of  Iraclable  meseiatic  kFig 
cancer  Viat  le  Vie  reaiit  ol  four  different  mjtaliore.  a  aaK  Vtatwae  difficull  and  took  uajusi  overa  yeario 
complete  Mentaining  ibe  line  and  breeding  ihe  emntale  ftaa  been  ekiwar  than  entcipatad.  Itiough  aucteeaful. 
Througii  Ihe  1  year,  n&ooal  extaneton,  sue  were  able  to  analyse  and  compere  lung  tumora  from  the  2  models 
(Taak  2).  tn  viiro  er«d  flow  cytemetry  assays  were  not  performed  given  tiie  costand  Imaed  Ime  to  perform 
these  studies  (Task  3)  Instead,  we  have  applied  tor  funding  throu^  Ihe  000  axpertsaon  award  to  generate 
gene  expressiori  datasets  to  idenirfy  sxpressiori  patters  thel  differ  between  pnmery  tumor  cels,  crculebng 
turner  cels  (CTCe)  er«d  cells  in  tie  lymph  nodes  er«d  to  identify  CTC  surface  marttrs  that  drfTeranliela  tumor 
cals  from  all  otier  bleed  cells  lhat  could  avaniually  be  used  to  dated  CTCe  wi  humans.  The  gererated  mouse 
medals  nfl  be  iwaluaC4e  m  completing  the  proposed  arms 

A  Conclusion 

To  uraderatand  er«d  reveal  the  early  evarME  that  accompany  invasive  behavtom  lovo,  wa  have  successfully 
developed  a  novel,  praciee,  ard  sensitive  kneege-lebelmg  system  to  detect  er«d  isolate  cells  of  lung  sprVieliel 
ongx)  dunng  tumor  prograeeion  in  metastatic  srad  non-metestaec  mouse  modele  of  lung  cancer  Whke  other 
kmg  epdheliel  lineege  Isg^ng  models  have  been  used  to  determine  Ihe  tumor  cell  ofongo  p<ras^'^^/ySftpo* 
creCR  or  Kia8^'‘'^/it>53^/Sftpc<raER],  orthe  contnbubon  ofalveoler  type  II  cele  n  niury-repairend 
regeneralion  models  (SftpodeER  or  Scgb1a1<re£R  ard  Rosa*raporter  linea),  no  previous  mcdsl  has  Decked 
lung  eprtheliel  celle  dunng  dissemretion  end  metastasis  UtSzaVon  of  this  model  will  eid  m  early  detedion  ard 
novel  tresDnent  epproatfes 

•  What  opportunlriaa  for  training  and  professional  development  hae  the  pro)ecl  provided? 

Training  Adivities  PI  (Hasmeena  Kathuns)  srsd  Co-lmealigatcr  (Maris  I  Rsmirez)  partiopated  m  giving 
lacUes  cr  Irartsgemc  mice  development  and  promoter  enalysis  using  ourmcdele  es  examples. 

Riufessaonal  development  ecliviOes  Presented  reseerch  m  cancer  er«d  pulrmnary  torunaet  BMC 

•  How  ware  the  reeutis  diseemknated  to  communllias  of  Interest? 

f^offing  to  Report  Once  enalysie  is  competed,  svewill  present  et  mtemaVorel  conferences,  pubish  our 
research,  and  post  on  pubfc  rescuioes 


What  do  you  plan  to  do  during  Ihe  nain  laponlng  period  to  accomplish  the  goele?  Nothing  to  Rspon 


A  IMPACT 

•  What  WBS  the  Impact  on  the  developmem  of  the  principal  dleclpllne(e)  of  ^e  prefect? 

Survivel  latas  for  newly  diagnosed  lung  uncar  rameii  at  epproximelaly  vvtually  unchanged  over  the 
past  three  deudaa.  DeepiB  denoftahla  nak  factois,  there  has  been  minimel  improvement  in  outcomes  for 
those  afflicted,  moatty  because  patents  diagnosed  with  kjig  cancer  have  advanced  disasss  el  the  lime  of 
piesanlelion,  a  ftrdmg  ihel  may  be  ccnscsiant  with  early  spread.  Even  whan  kng  uncer  is  dtegnceed  and 
treated  at  an  early  stage,  more  then  30K  of  patents  die  from  recunenca  within  5  years,  suggastng  perhaps 
that  we  are  notable  lodisbngiash  ifisaamvtated  cancer  cells  from  cella  that  nomBlIy  reside  n  the  bdodslream 
or  at  sites  of  seed vig  Taken  together,  these  studies  amphasize  Ihe  need  to  denDfy  early  stage  patents  at  hi^ 
nsk  of  recurrerase  ct  metestaec  disease  as  well  as  D  develop  more  effective  therapies  fw  ifSCLC 


f 


The  studies  oulkoed  m  tt^is  propoeel  address  ffieee  needs.  Through  our  lineaQe  tracfcmg  systerr),  we  nfl  be 
able  to  track  cells  Ihel  heve  eeuped  from  the  pnmerysite  aiyj  identify  moleculer  chenges  in  these  cels, 
spedficelly  m  cell  surface  maskers  aixj  oncogenic  peihwey  acfivelion  If  we  cen  identity  tunor  cells  Ihel  heve 
iwaded  ard  escaped  easlv  n  tumor  evolution  bef<^  oven  metastases,  then  eerly  systemic  therapy  cotid  be 
delivered  to  improve  mortairty  In  future  studes,  cell  surface  markers  that  we  heve  dentilied  in  circulating 
tumor  cels  will  be  valdatsd  in  humen  specimens  end  cen  potentially  be  used  ee  early  die^yisticend 
thssepeutK  merkers. 

•  Whet  WBS  lha  Impact  on  othar  disciplines? 

Given  the  ccmpleiity  of  fiSCLC,  it  is  likely  that  these  tumors  ate  dependent  on  more  than  one  oncogenic 
al9^elng  pethway,  end  Ihatcombmaticrvtergetsd  thstepy  dirsoled  el  mutt^e  oncogenic  pethweye  mey  not 
only  prove  mors  effectvethen  single  agents  alone,  but  may  also  prevent  or  delay  secondary  resistance.  Using 
our  medal,  scentlsis  can  (1)  determine  how  the  tumor  cell  environment  (pnmery  tumor,  bkx^.  metastaOc  foo) 
Hluencee  pelhwey  acovelion  erd  (2)dstBnnne  the  biolcgical  fia^cMn  of  circuleDng tumor  cells.  The 
preclintcal  model  car  be  used  to  teat  novel  therapies  directed  at  cauael  pathsvay  signatures  (both  r  lung  end 
other  cancers)  and  to  test  the  cptmal  liming  of  targeted  therapy  delivery 


•  What  wee  (ha  impact  on  techrvology  transfer?  rvolhing  to  kapert 

•  Whsi  wee  (ha  Impact  on  society  beyond  ecJance  artd  rachnology? 

fiovsl  cel  surfeca  markers  and  actionable  molsctiarpeinweys  dtscovsred  usirtg  the  model  developed  r  our 
prepoaal  cen  be  tested  m  future  studies  on  humen  specimens  end  can  pctenlielly  be  used  ea  early  diagnostic 
and  therapeuDc  markers 

S  CKANGES  end  PROBLEMS 


•  Chartges  In  approach  and  laaeons  for  change;  Mothng  to  Report 

•  Actuel  orentlclpeted  pioblatne  or  delays  and  actions  or  plans  to  iseolva  them:  Ammel  modal  tcck 
longer  than  anticipated  lodevelcp.  Applied  and  received  a  nc-cost  s:>tension  threwgh  the  000 

•  Changes  that  had  e  eignlflcent  bnpaci  on  expendltuiee;  Given  longer  than  eipected  tine  pened  to 
devetop  mouse  model,  heusng  costs  of  mice  was  higher  then  eepeded 

•  Signjficeni  changes  in  use  or  cere  of  human  siAiiacis,  vertebrate  animals,  biohazards,  and/or  select 
eganis:  Nothing  to  Bsport 

•  Significant  chengee  in  use  or  cere  of  human  siAiiacia;  Not  appHcaUe 

•  Significant  chengee  in  use  or  cere  of  vartebrete  animals:  Nothing  to  Report 

•  Significant  chengee  in  use  of  biohazards  and/or  select  agents;  Not  applicable 

6  PRODUCTS 

We  have  developed  e  novel,  precise,  and  sensitive  Irieege-lebeling  system  to  detect  er«9  isolate  cells  of  lurtg 
epithskal  ortgo  dunng  lumor  progression  in  meleatatK  er«9  rson-meteateiic  mouse  models  of  lung  cer>Mr 

<a)  Mouse  mcdels 

Mcdel  1;  Nkr2-1-cre€R«’".  VFP^.  Krw3120^  •:  Lkbl^'  mice 
Model  2.  Nkx2-1-creER«’".  VFP^.  KmG12D^  'mice 


(b)  We  ans^iete  en  ebetrect.  publiutkin,  and  preaentaticns  n  the  nexl  year  once  we  cctitplete  analysis 


7  PARTICI»AMTS  AND  OTHER  COLLABORATING  ORGANIZATIONS: 


•  W^at  Indlvlduels  wocAM  ontha  pro)ac(7  ThefcAowing  iiyjivtdiials  wvfcad  cr  Via  pfoteci  aiyj 
FBcatvad  salary  supp^n 
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ConvtWtKK  %3  Pro^ 

Of  KOttCA  CiPgOfr)^  OtSO/BtrCfiB  00  6BBigA  BftC 

moeM 

•  Has  lhata  baan  a  ctianga  in  (ha  ecilva  oUiar  support  of  (ha  PDfPI(s)  or  sarMorAcay  parsonnal  ainca 
lha  last  raporlirig  period?  Ncrmog  to  Rapon 

•  What  othar  organiaaOona  ware  Involvad  as  partoars?  Nolhtog  to  Rapcrt 


H  SPECIAL  REPORTING  REQUIREMEMTS:  none 

•  Collsborailva  Avrsrda;  Moihing  to  ftaport 

•  Ousd  Charts ;  Nothing  to  Ra port 


V  APPENDICES' hoViirig  to  Report 


